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SUMKARY

Research was conducted to determine the effect of the electrode
~~s ~ spac~~ coti~ation, and material on the energy required
fm ignition of a flawing prqpane-air mixture. ~ addltlon, the data
were used to indicate the energy Uetri.butlon along the spark length and
to confirm previous observations conce.rnnn the effect of spark duration
on ignition ~rgy re@rements. The data were obtained with a mixture
at a fuel:air ratio of 0.0635 (by weight), a pressure of 3 inches of
mercury absolute, a temperature of SO” F, and a mixture velocity of
5 feet per second.

.

Results showed that the energy require@ for ignition decreased ..-

as the electrode spacing was increased a minimum energy occurred
at a spacing of 0.65 tich for large electrodes. I@ small.e~CtrOde6 J
the spacing for minimum energy was not sharply defined. Sms3.1-
diameter electrodes rquired less e~~. * J=ge-_ter electrodes .”.._.
if the spacing was less than the optimum distance of 0.65 Wchj at a
spacing equal to the opthuum distance, no difference was noted. Signi-
ficant effects of electrode material on ignition energy were ascribed to
differences in the type of sperk discharges producedj glow discharges .

required highw energy than the arc-glow dischezges. With pure glow
discharges, the ignition energy was stistantia13y constant for lead,
cadmium, brass, aluminum, and tungsten electrodes. A method is described
far determining the energy distribution along a glow discharge. It was ..-
found that one-third to one-ha~ of the ehergy in the spark was concen-
trated in a small region near the cathode electrode, and the rminder
was uniformly distributed across the spark gap. It was iqossible to
ascertain the dependence of ignition on this distribution. It was also
observed tluitlong-duration (600 microsec) sparks required much less
energy for ignition than did short-d!lrwtion(1 microsec) s~ks.

m
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RWRODUCTION

In order to provide information for ‘thedesign and operation of-
Jet-engine ccmimstc&, research is being conducted=t the.~ I&&@
laboratcmy to study the fundamental variables affecting ~gnition and
cmimstion of fuel-air mixtures. As a pert of this research, the param-
eters which may influence the energy required for a spark to ignite
homogeneous fuel-ati mixtures ere being inve-stigated.

Previous studies (reference 1) have &hown the effect on ignition
energy of three gaq pemameters - m$xhn-e pressure, velocity, and fuel-
akc ratio - and one spark parameter - spark duration. Three additional
spark variables which my affect the required energy include electrode
spacing} go@iWationJ and material. I!hese”va&iables have been studied
to a limlted extent tith short-duration spa@ce (a~roximately 1 microsec)
produced by discharging a capacitpr @?ectly into the spark gap. It is
shown in references 2 mid 3 that under these conditions el.ectrde mate-
rial has no effect on the required energy md that electrode configura-
tion and electrti spacing have a large effect. The effect of these -
Pammeters with”sparks of lohg ~atlon (greater than 100 microsec) has
not been “studiedto any appreciable eaent. The data available (fcm
-le~ references 4 ~ 5) wcate some energy changes with the elec-
trode variablesJ the energy chahges are calculated from observed tram-
former primary current variations. Because el.ectomdeparameters may
alter the manner in which the energy is distributed along the spark and
the type of discharge produced in the secondary circuit, a calculated
energy change may or may not be real. Thus the relation among electrode
variables, ignition energy, and types of discharge requires further
investigation in order to determine precise-ignition energy effects.

l%om the fundamental processes of electrical U.scharges in gases
it can be shown that the voltage along the spark does not vary in a
linear mmner between the electrodes. It can be concluded, then, that
the spark energy is distributed nonunifcnmly. At the present time no
information is available concerning the effect of this nonudform dis-
tributton on the ignition process. Stice previous investigators (refer-
ences 4 md 5) have shown some differences in ignition energy for Mffer.
ent electrode materials, the determination of the energy distribution as
a function of electrode material my s-e to indicate the spark region
or regions which affect the ignition process. .

~ present investigationwas conducted to (1) provide more
precise ignition energy data on the effect of electrode variables with
long-duration sparks and (2) attempt to determine the distribution
of energy along the spark discharge and to Qscertx@ the dependence of
ignition on this distribution. The tivestigation has, as secondary
ob~ectives, the study of spark discharge characteristics end the com-
parison of energy requirements with long- and short-duration discharges-.
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Ignition energy data are
tion only: mixture pressure, 3.
80° F; velocity of mixture past

.

.

3

presented herein fac one mixhre cond3.-
inches mercury absolute; temperature,
the electrodes, 5 feet per second; and

fuel-&ir ratio-(by weight),-0.0835. A spark d&cation of 600 microseconds .
was chosen on the basis of ~erimental feaslbtlity and was used through-
out the investigation. At these mixture and spark-duration conditions,
ignition energy measurements were made with six different electrode
materials and a wide range of electrcde spac~s (0.23 to 0.80 In.).

AEPARATUS AND PRomqRE .’

!Rleccmibustionapparatus and ignition aniienergy-measuring sywtem
prevf.ouslydescribed (references 1 and 6) were used for the presmt
Investigation. The conibustionapparatus consisted of a ~s for thor-
oughly mixing propane and alr and for passing the ccndxmtible mixhwe
through a 3-inch-diameter duct ti which the spark electrodes were located
diametrically opposed to each other. The ignition system (fig. 1) con-
sisted of a means for charging a storage condenser and UsCharging it
through two paths: (1) resistor RI) and (2) a path consisting of R2)

the spark gap, W R3 h series. Hegllglble currmt passes though —.—

resistors R4 and ~, The energy of the spark was determhe d by

obtadninn a _&ace of the voltage-current-t- characteristic of the dis-
chsrge on the screen of a cathode-my oscillo~ph. The voltage of the
discharge was reduced by the voltage ditider (~ and R5) and placed

on the vertical plates of the ostill.o~aph. The current of the dis-
charge was obtained by placing the voltage produced across R3 onto the

horizontal plates. An oscillator connected to the z-axis aa@ifiec of
the oscillograph provided the necessary timing marks. The resulting
trace was photo~aphed and analyzed for energy quantities.

The ignition and energy-measuring system employed hereh contaimed
scme moddflcations and refinements which were not present h the system
described in reference 1. The capacitance of the storage condens=. with
the present tests was 0.625 microfarad, and values of resistors were such
that a spsmk duration of approximately 600 microseconds was produced. A
variable high-mltage condenser having lo to 20 micromicrofamds capaci- __
tance was placed amoss R4 Im oz’derto balance the capacitance of the

vertical deflection-plate leads end the vertical deflection pktes. Tbls
condenser was used so that the true value of smy sudden surges or high-
frequency ccm&nents could be observed. The effect of this consenser on

—

the energy measuramrbs was negligfile at the operating conUtions chosen.
In order to extend the applicability of the system to oth= conditions,#
the voltage divider was balanced by the following method: A 60-cycle

“
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voltage wave was applled..tothe voltage dlvl* !@ ?.@ re@@ion. ?W* ..- ~
was determined. A l-megacycle wave was then applied sad the condense& - -
ad@sted to give the same redtition factor.- The reduction factcm was .1.

then Independent.of frequency within this range~ The divider must be, ““ .,“.-Z
rebalanced hen “R4 or R5 *e med. At ~6e ~lues of R5~ a . ‘~

negative pulqe a~ars at the vertical plates because the ca~cltence
be~een the “upper,oscilloscope.p@ti and ~O@, iS Mfferent from ** ..... ... _ -
between the lower plate end the ground.. FW this re~~ ~. ~ound Point . _
was shifted from the bottom side of R3 to the positicm shown. As a

~result of this change, however, a capaci-ce of 500 to .Mm ~~~~-o- ..-..-— ~.
farads exists across R3 with conSider*le stray capacitance from the
high-voltage end of the condenser to ground. WBen s@tch 82 Is closed,
the high-voltage qnd tends to remain mom=?xsily at”tk high .mtential ~
since the stray capacitance Is charged, resulting in a negative puhe
appearing across R3. For the present tests, with the values of ~,

.-

R4, and R5 used, no Ufficulty was eq=rienced with tie ground h ._ _.. -~.
either position, At higher pressures~ where ~ueB ~ R2~ R3~ R4.J ~d . ~

R5 must be larger, It Is recamended that the cticult with the gbound on :
the bottom of R3 be-used in conjunction with a voltage divider that
balances each”of the vertical deflection plates to ground. =eldmimry
tests with such a divider (fig. ?) appear satisfactory.

.
REOUUI’8AND D18CU8810H

Effect of Electrode Variables
,.

Effect of electrode configuration and spacing. - The effect of
electrode configuration and spacing on the energy required for ignition
of a O.0835-fuel-air ratio ~qpane -air mixture at a pressure of 3 inches
of ,mercuryabsolute is presented in.figure 3. Data for stainless steel
3/16-ln& rode, O.025-inch rods, end needle”electrodes shuwed that the
energy required for ignition decreased as we euctrode spacing was
Increased. Mi.niawmenergy was required at a spacing of 0.65 Inch for
the large electrodes. With the e=ll electrodes the SI=CiU for *i-
mum energy was not sharply defined. At spacings of less than 0.65 inch,
the brger rod electrodes requdred much higher energies than dld the
s=ller rod and needle electrodes beta-e ~f f- qtincti on we
increased surface area of the larger electrodes. The Increase in igni-
tion e~rgy required by the needle electrodes over that required by the
O.025-inch rods may possibly be due to cliff=ences in the %wn.er in
which the energy is distributed for s- points and rods. At a spacing
of 0.65 Inch, all’the electrodes required the same energy. This dis-
tance is approxbgately the quenching distance (distance merktng the
farthest penetration of the fJ.ame-quenching effect of the solld elec-
trode material) for this ptiicul.ar pressure condition. A querlchlng
U.stance .of0.638 Inch has been determined in reference 7.
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Frevious data (reference 1) for a O.025-inch spacing with 3/16-i.nch
Inconel electrodes are also irdlcated b figure 3. The required en=gy
of 33 millijoules Ss substantially less than the 56-mllll~oule value
obtained In the present Investigation. TbJ?va~ of 56 ti~joliks,
however, had occasionally been reqyired in the previous investigations
Slmil.arly,In the pres=t tests, 56 mllld.joulesrepresents the most con-
sistent value although on occaaicm the value of 33 millijoules was
obtained. The a~ent lack of reproducibi~ty has been ~lained on
the basis of the type cd!discharge (arc a glow) produced. .

Types of dlecharge. - The spark characteristics ob~ ‘with
3@-h ch rod electrodes spaced at 0.25 inch are co~-d in figures 4(a) -‘-
and 4(b) fcm the previous (reference 1) ~ present ~stigations c “~ . --
osclllograme indicate the variation of voltage and cument of the spark
with t-. The prSViOUS data obta= show that as the C~ t decreased
during the Ufe of the dlscherge, the voltage gradually decreased until,
at a point indicated as the transition Point$ the voltage increased
&ruptlyJ accwed by a tendency for insWbility. This discharge
originated as an arc dlscharge and, at the transition point, changed to
a glow discharge. (The chief differences between the arc and gluw d3.s-
chsrges lie in the much higher current density end low= voltage drop at
the cathode electrode for the arc discharge.) The instability resulted
in rapid oscilhtions back and forth between glow and uc dl.scharges.
‘The present data show a smooth cm characterized by considerably higher
voltages In the inl.tialstages of the M.scharge.
glow discharge. A slight hstebillty occurred at
as Indicated by the pips on the lower side of the

The physical appearances of thearc and glow
ferent, as can be “seen h figures 4(c] and 4(d).

This discharge was a
two points on the curve,
trace.

diaclmcges were dif-
The pictures were

obta~d with 3/8-inch-&Lameter -iced. electrodes. with the mc-glaw
discluxrge,a tischarge that originated as an arc and ended as a glaw, a-
briglytspot appeared on the anode and the cathde. Generally, If the
discharge uas predcmdnantly an UC) the cathode spot was brlght~ if the
glow discharge tisted for a considerable t~~ the spot was ~f M* as .
In the photograph. The glow discharge was characterized by a glow over
a considerable portion of the cathode surface and by a dark areq (Faraday
dark space) -dlat+y before the cathode. The sme differences were
observed tith needle electrodesj however, s-e considerable surface area
is required for the discharge from the cathode to take place, the glaw
appesred on the surface of the needle electrodes as far as 1/2 Inch from
the point.

Wide variatbne da ignition energtes are possible at conditions where
two types of discharge may occur~ a glow discharge requires higher igQi-.
tion energies tblmlthe arc discharge.

.. -,.
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Effect of electrode material and spacing: small-dismeter elec- “ “‘
trodes. - The effect of electrode material fi spating is Sllawnb f@-
ure 5 with a cc@arison of energy requirements for small-diameter
(0.025-in.) rods of stainless bteel and cadmium. The curves shuw that “w
for these electrodes the energy does not ve&y significantlywith spacing
and that the energy requirement wtth the stainless steel electrodes is
about 50 percent higher than tith the cadmium electrodes. An examina-
tion of the oscfll.ogramsshowed that the discharge was of the arc-glow
type for the cadmium and of the glow type for the stainless steel. The

..

apparent differences in energy my thus be attributed to the Uferent
types of discharge obtained. Aft& many trials, a glow tischarge was ..g”
obtained with cadndum electrodes at a s~c~ of 0.65 Inch and the
energy value was co-able to that obtained with the stainless steel
electrodes.

. “.

Effect of electrode material: spherical electrodes. - Since com-
parison of materials under 1dentical types of tischarge is desirable, an
attempt was made to produce consistent glow discharges for a nunber of
electrcdes by making the electrodes of large size. Spheres 3/8 inch in

--

dlemeter were used to obtain the fol.bdmg ignition data at a spacing of
0.65 inch:

Metal. I Ignition energy I Type of dlsbge ‘“
(Iw.lqoues)

Cesium oxide (coating) 13.4 *.5
—

Arc-glow
i7.L*.5 Glow

Brass ~~. 17.8 +0.5 Glow
OadmiUm 18.6 *.5 Glow
AMmlnum 19.4 +0.7 Glow
Tuwsten 19.6 *.9 Glow

..-. - —
—

,-

.. —-.

,“

Of the.six electrodes tested, only the electrodes with cesium oxide
coatings dld not give a glow discharge. With the other electrodes, +

reproducibility of data was about *3 percent for the lead, cadmium} ~ “““”
brass eledtrdes} +4 percent for alumlnum~ and * percent for tungsten. -
A vartation of * percent can be attributed.to the fact that the sp=k
does not always occur in a straight line between electrodes but has a
curvature which may lengthen the spark as -h as 10 p=cent. The larger .
variation with aluminum and tungsten may be due to an abnormal glow Ms-
*ge (see appendix). Thus for electrodes pdoducing the same type of
discharge, the variation of Ignition energy with electrode material was
within ~erimental accuracy and must be cofiidered negligible.

.

Distribution.of Energy along 8p=k Discharge ..-=
.

In the ap~ it is shown that the total energy in the glow dis-
charge my be ditided Into * n@or -s: one part in a region
extremely close to the cathods”electwcile,and the other urdfcmmly dis- .

trlbuted along the rest of the dls@arge path, or the positive column.
.

,.. . ..-.
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Because of the negligible effect of electrode material on the ignition
9 energy, determlmtions of cathode and positive-column energies cannot be

used to distinguish the part of the discharge which controls the ignition
process. It is of imterest, however> to note the appro-te routs of
energy that are released h the various regions. The distribution of
energy in the glow dis~ge with each of the five electrodes was deter-
mined by the method described.in the qPpendLx. The results are *- ti
the followlng table:

Lead 17.1 M.5 8.4 M.08 8.7 M.42
Brass 17.8 M1.5 7.8 MI.08 I.o.o+0.42
cadmium 18.6 *.5 7.3 AO.07 U.3 *.43
A.luulinl.ml19.4 +0.7 5.8 S.1 13.6 *.6
Tunasten 39.6 d43.9 8.5 AO.3 11.1 +0.6

The data indicate that approximately one-third to one-half of the energy
is concentrated in the cathode region, while the reminds r is unif-
dlstributed across the sparlcgap.

Ccaqparlsonof Long- and Short-Duration Sparks

A
A comparison.of ignition energy requirements fa long- and short-

duration sparks is shown In the following table: .

9 Spark duration hlixture
(mlcrosec) velocity

(ft/see)

-1 %
-1 0
-1 5
600 I 5

%ata frcm reftience 7.
%alue depends won type

Fuel-air Electrode tion ~gy
ratio W=- . Y mtlli~oul.es)

(in. )
‘O.0802 aO.638 a22.7

.0835 .650 22 - 24

.0835 .650 34-36
m 0835 .650 blo.7 - 19.6

of dlschwge and electrode.

. . ----

.
..— —

Because air dielectric condensers such as used in reference 7 were
unavailable, solid dielectric condensms were used for the short-duration
spark tests although poor reproducibility &y be mected with such con-
densers. The results obtained at zero velocity, however, agree favorably

8- with those of reference 73 hence, the method and equipment used are ccm-
psrable. A comparison at the energy values for the ndxture fbwing at a
velocity of 5 feet per second Indicates that the l-microsecond spark
requires 1.5 to 3 times more energy than the 600-microsecond spark..
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In an attempt to ex@aln liheincreased energy requtmments with the -
shcmt-duration spark discharges~ ph@o~aphs were btained at energles-

7slightly beluw the values required for ignition; 3 8-inch-Uameter spheres
were used for the short-duration spark and 0.025-imh rods for the long-
duration spark. (The type of electrcde has no effect on the general
appearance of the various discharge zones.) These pho~~aphs show Us-
tlnct differences in the appe=ances of the zone around the short- and
long-duration E@SdES (fig. 6). With the short-duration spark, the bright
cae of the spark always appeared to be surroundedby a tinous cylinder
from which two luminous zones occasionally propagated and then extin-
guished. These zones are not visible When air is used In place of the
conhstlble =ure. The long-duration s-k produced a sfmllar luminous

.

-. -

r:

..-

*“.
i%
m ..--

cyllnder around the spark; however, the luminous zone which occasionally ‘-– -
propagated frczu this cylinder a~e&ed to exist only on one side (In
general, downstream) of the spark. The core of the Umg-duration sperk
appeared q~te uniform, whereas the core of the short-duration spark

----

appeared to be brighter tows&d the electrodes and weaker and mcme diffused
at the center. It appears reasonable, then, to assume that the Uffti-” -“- 1=
ences in igniting ability of the long- and Short-duration sparks.ere due
to Uf erences In the distribution of energyj the short-durktion spark - -
produces more concentrated zones of energy,release. At the present time
no method is available for determining the distribution of energy in the
short-duration spark. ..— :

SUMMARY cm I?Esm5!s
*

The follo’wtngresults were obtained In @ investigation of the .-

effect of electrode variables on the energy required in a spqrk of
—

600 microseconds duration to ignite a flowl-ngpropane-air ml@ure: 9!..-

1. The energy requtred for tgnltion decreased and &en increased as .
the electrode spacing was “increased;a mimlmum energy was required at a

.—

spacing of 0.65 Inch fac l.sxge-diaueterelectrodes. with small-diameter - --
electrodes the spacing‘formlidmum energy was not shexply d&fined. ‘“ - “’—

2. Small-diameter electrodes required less energy than large-
tiameter electrodes If the spacing was less th@ optimwq no effects of
electrode size were observed at the optimum spacing of 0,65 inch;

.. .-

3. For s~lar gluw discharges the I.@itIon energy was negligibly D
affected by variation In electrode materials i.ncluUng lead, cadmium,
brass, alwuinmn, and tungsten electrotis. :Arcdischarges, produced by
certain electrodes, required less energy to produce tgnitfon than Md” “..’ - ‘:
glow &l.scl@ges, .—.- -U:.... .

4. A method for determining the.energy.dlstrlbutlon along the,s-k : “_
w develo~ed which Indicated that one-third to one-half of the energy .

.-

-,—
—
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of the dtscharge was concentrated in a EMU region near the cathode
& electrode, a negligible amount was present in”the anode regio% - the :-.

remainder was mlformly, distributed
sible to ascertain the dependence of

5. Long-duration (600 microsec)
for ignition than dld short-duration

Lends Flight PrcIQulsionISboratory
National Adtisory Committee for

Cleveland, Ohio, Sep=er

access the s~k gap. It-was @pos - -
ignition on this distribution.

sparks required much less energy
(1 ticrosec) sparks.

Aeronautics
12, 1951
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APPmDrx -METEOD USED TO HHEMIKEEIERGY

DISTRIBUTION ALONG SPARK DISCHARGE
*

A brief review of-sane of the applicable characteristics of elec-
tric discharges in gases Is necessary In cader to understand the method
used to determine the energy distribution along a spark dl.schargepath.
Ccqmehemive treatment of these charac&ristlcs may be found in refer-
ences 8 and 9.

Voltage Distribution along G!one~t-Current Discharge

Considar a discharge of constant current to exist between two elect-
rodes as In figure 7. If, by sme me&Ls, the voltage is determined
along the path of the dis~ge, the voltage fill vary s~stantially as
indicated h the figure. At the negative m pathode end of the M.schgrge
there is a large voltage change-which is defined as the cathode *OP.
This cathode drop can represent a considerable portion of the total .
voltage drop of the g@w discharge and occurs withti a U.stance of a few
electron-mean-freepaths fra the cathode. The drop is affected by cur-
rent, pressure, work function of the electrode, type of gas, @urities
in the metal and gas, electrode surface condition, and electrode config-
uration. Beyond the cathode region there is a region (positive columu)
occup@g most of the discharge len@h in which the voltage increqses
linearly with Mstance. At the end of this column there is another
voltage change defined as the anode drop. This drop compares, in mag-
nitude, with the ionization potential of the gas or about 10 to 15 volts
and occurs extremely close to the enode.

.—

..

If the anode is moved toward the cath&le, other conditions remaining ““
constant~ It will be found that.the cathoti,drop r“zins unchanged. The
only effect till be a decrease In the positive column length aud, con-
seq.uently}in its voltage drop. By a sufficient decrease In electrcde
spacing the positive column can be made to.disappear completely, with the
anode and cathode drqps ram%bing m@amged. Since in the glow Mscharge
the anode drop is,small coqared with the gathode drop it may be Qeg-
lected. Thus the method for measuring cathode voltage drop consists in
measuring the total voltage drop at mious spadngs and plottlng voltage
against spacing as in figure 7. The stral~t ltie drawn *ough these
points will Intersect the zero spacing axis at we cathqde voltage drop
(assuming this drop occurs within .anegligible dlstmce fi.omthe . . ._
cathode).

A very important consideration in the determination of energy dls-
tribution concerns the effect of current vWiations on the cathd.e drop.
The dependence of the oathode vbltage d+op.on current Is given qualita-
tively k figure 8 for the regions of Interest. As the current Is ...-

.

7

—

.-

““4
m
m
N

.
.:,

.’

, ---=

.-

.
,.

.

..—

.. .

:

--—

.

——

“i

ti -
.—

s

.-



.

11NACA RM E51J1.2

.

increased frcun

* region between

;

m

point E the voltage remdns constant to point F. The
E and F Is defined as the normal glow discharge region.

IWam points F to H the voltage increases; t~s region is defbd =S the
@normal glow discherge region. From H to K the voltage decreases
through a transition region with an arc discharge originating at point K.
The cathode drop in the arc discharge can decrease to the order of mag-
nitude of the ionization potential (10 to 1.5volts). ~equently the ..
curve may be discontinuous between H and K, or the peak 8t H -y not be
obs-ed~ that is, the discharge may change from an arc to a normal glow
without passing through the abnorm.1 glow region. The total voltage
curve is, of course, the sum of cathode, anode, and positive col.unm

..—.

voltages and its shape is similar to the curve shown.

Determination of Cathode Voltage Ihop h Spark Discharge . .....-

The cured ti the spark discharge used to abtain ignition data was. . ..
~ contfiuo~~ so”-t a s-t =i=tion of tie ca~~ Vol%e -
drop ~thod prevlouely described was necessary. ~ an ignition spark
and oscill.ogramhad been obtained at the optimum spacing, the spacing
was reduced. Oscillo~aphic data were.obtained again using the same
initial settings of the ignition source. In this case, no i~tion
occurred because the electrodes were within the quenching distance.
Similar data were obtained for a nunber of different epaclmgs and elec-
trodes. The voltage-current curves as read frti the oscillograme for

.

the various electrodes are showh b figure 9. Constant-curr~t cross
plots of the brass electrodes (fig. 9(b)) ere shown in figure ~.
Straight lhes were obtained with the intersection potits of the lines . ~
at the vertical axis representing the cathode voltage drops.

The cathode voltage curves obtained for five metals are shown in
figure U. The cathode voltage drop with cadmium and brass electrodes
was independent of current and thus imdlcated a normal glow discharge.
With lead electrodes, a slight increase in cathode drop occurred at the

. .

lower current values. A large increase in catho& &rap with an increase
in current was observed with tungsten, which is characteristic cf an

r

abnormal glow discharge. A part of the aluminum cathode drop curve
might also indicate aa abnormal glow discharge. The fact that the alumi- : ‘.
nm and tungsten discharges may originate in an unstable abnormal glow
discharge region may explain the increased variation h results obtahed
with these electrodes. The cathode drop may vary from spark to spark,
affecting the total voltage, and hence the measured energy.

Values of the cathode drops determined in this manner were plotted .
(fig. U) .agaimstwork function values of metals obtained from refer-
ences 8 and 10. The range of yalues & both cathode drop and work func-

-.

tion are indicated in figure U?. The cathode @op increases approxi-
mately with work function, in ~eement with results of reference 8.
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Correlation .ofSpark Discharge Voltage with C@hde Voltage Ilr@,

Electro@ Spacing, and Spark Discharge Current
.

In order to further characterize cathode voltage drop, an e@rical . ~ .-..
correlation relating the total voltage drq-”””tithcath~e voltage, elec- ...-

trode Spac:ing,and spark current was devel@@d. Since, “firea ctitan.~ ‘“ - “-“
current, the gap voltage increases linearly with spacing, the voltage
per unit length of the positive column is qonetant. This voltage gra-
dient can be determined and plotted as a ffiction of current. Frcm these ..: $“:
data an empirical equation relating,spark voltage to cathode drop, elec- z
trcde spacing, and current was determ&ed., T!& eqirical equation for “ ‘~
brass spheres is .. -..—

..—..AVS=Vc+360s+~60si . .-Q
.

where .:

Vs spark voltage, volts ——

Vc cathode voltage drqp, vnlts
. . .. ..=

B el.eCtrOdSspacing, inches .—..- .-

i current, emperes —

In fig~e 13 values of the spark voltage are plotted against the value~
obtained from the equation. Data for the current values beluw 0.02 ampere
me not shown since at these currents the discharge is eaelly extin-
guished and its behavior”imy be erratic. The correlation is less precise
in the initial stage of the tischarge where-a higher voltage may be nec-
essary to produce the required emount of i@zation. Additional errcra
are =ected became of varfatfo~ in spark length resulting from cu-
vature of the spW_k. The equation shows th@t the voltage increases
linearly with spacing if the current is constant and increases ldnearly
with current if the spacing is coqstant. The positive column thus
simulates en electric resistance. .-

Determination of Cathode-Region qnd Po6itive-Column Ihergies

Once the cathode drops aPe kn&n, the energy dissipated in the
cathode region is determined by the mdhod tied for the measurementt of
ignition energy, that is, an integral of the.product of voltage, current,
and time. The current is obtained.from the oscillogrsmM. The energy
dissipated in the positive columu is obtained by subtracthg the cathode
energy from the total ignition energy.
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